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Abstract: Hepatocarcinoma is the third leading cause of cancer-related deaths around the
world. Recently, a novel emerging nanosystem as anticancer therapeutic agents with intrinsic
therapeutic properties has been widely used in various medical applications. In this study, sur-
face decoration of functionalized silver nanoparticles (AgNPs) by polyethylenimine (PEI) and
paclitaxel (PTX) was synthesized. The purpose of this study was to evaluate the effect of Ag@
PEI@PTX on cytotoxic and anticancer mechanism on HepG2 cells. The transmission electron
microscope image and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay
showed that Ag@PEI@PTX had satisfactory size distribution and high stability and selectivity
between cancer and normal cells. Ag@PEI@PTX-induced HepG2 cell apoptosis was confirmed
by accumulation of the sub-G1 cells population, translocation of phosphatidylserine, depletion
of mitochondrial membrane potential, DNA fragmentation, caspase-3 activation, and poly(ADP-
ribose) polymerase cleavage. Furthermore, Ag@PEI@PTX enhanced cytotoxic effects on HepG2
cells and triggered intracellular reactive oxygen species; the signaling pathways of AKT, p53,
and MAPK were activated to advance cell apoptosis. In conclusion, the results reveal that Ag@
PEI@PTX may provide useful information on Ag@PEI@PTX-induced HepG2 cell apoptosis
and as appropriate candidate for chemotherapy of cancer.

Keywords: silver nanoparticles, polyethylenimine, paclitaxel, reactive oxygen species,
apoptosis

Introduction
Hepatocellular carcinoma (HCC) is considered as one of the most common primary
liver cancers around the world and the second leading cause of cancer-associated
mortality with 75,000 cases increasing annually.! Unfortunately, the diagnosis of
early-stage HCC is difficult and the long-term prognosis remains unsatisfactory with-
out efficient early detection and surveillance strategies.** Meanwhile, as most cases
with HCC are metastatic or advanced at the time of diagnosis, the local therapies
including liver transplantation and surgical excision are unsuitable.®” Furthermore,
chemotherapeutic is generally ineffective against advanced HCC, which has high
metastatic potential.® Finally, most conventional cancer therapeutics have a relatively
short half-life and poor permeability, which may influence curative effect.’ Therefore,
it is urgent to develop a novel systemic chemotherapy for HCC in medicine.
Recently, nanobiotechnology plays an important role in cancer therapy.'®!! It
improves the efficiency of drug delivery, reduces side effects of drug, and strengthens
molecular targeting in biomedical applications.'?'* Nanomaterial is considered to be
a promising solution to overcome the above problems with the peculiar properties,
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including high stability; smart, controllable morphology;
thermal properties; soluble behaviors in aqueous solution;
and surface functionalization.!* Among them, metal nano-
particles, especially silver nanoparticles (AgNPs), are
considered as one of the nanomaterials with the highest
degree of commercialization.'® Furthermore, AgNPs have
gained wide attention due to its potent activity, including
antiviral, antibacterial, antifungal, antiangiogenic, and anti-
inflammatory.'”!® In addition, several studies reported that
AgNPs induced cell apoptosis in cancer cells but not in nor-
mal cells, as the cancer cells are more acidic, which is useful
for the release of silver ions from the AgNPs.!®! As one of
the most traditional polycationic polymers, polyethylenimine
(PEI), can promote nanoparticles entering into the cells by
improving its zeta potential.?’ PEI-functionalized AgNPs
were chosen to be as drug carrier in our study. Paclitaxel
(PTX), a chemotherapeutic agent, is widely used against
several types of solid tumors besides breast, ovarian, lung,
colon, head, neck, and liver cancers.?’” PTX disrupts the
tubulin—microtubule equilibrium, which is different from
conventional anticancer drugs affecting nucleic acid syn-
thesis to induce cancer cell death.®* It is considered as an
appropriate candidate for chemotherapy because PTX at low
concentrations can exert antiangiogenic activity.** However,
the major problem for the clinical efficacy of PTX is com-
promised by its poor water solubility, low permeability, and
serious adverse effects.’! Therefore, to improve the anticancer
efficacy, Ag@PEI@PTX was synthesized by PEI-conjugated
AgNPs to induce cancer cell apoptosis.

Reactive oxygen species (ROS) were considered as one of
the key players in some physiological processes through the
mechanisms of apoptosis and autophagy.**’ ROS are gener-
ated in several cellular systems, such as plasma membrane,
peroxisomes, cytosol, endoplasmic reticulum, and membranes
of mitochondria.’” The imbalance between ROS generation
and antioxidant system triggers oxidative stress, which is
related to much pathology, including cancer, diabetes, rheu-
matoid arthritis, cardiovascular disease, and other diseases.**
Many reports have demonstrated the relationship of AgNPs-
mediated cytotoxic and oxidative stress, but the anticancer
mechanisms of AgNPs have remained poorly understood.**!
Thus, Ag@PEI@PTX was synthesized as a novel chemo-
therapeutic agent to achieve HepG2 apoptosis.

Materials and methods

Materials

The HepG2 cells were obtained from American Type
Culture Collection (ATCC®, CCL-136™), LO2 cells
(normal human liver cells line) were provided from Cell

Bank of the Chinese Academy of Sciences (Shanghai,
People’s Republic of China). Dulbecco’s Modified Eagle’s
Medium and fetal bovine serum purchased from Gibco were
used for cell culture. PTX, AgNO,, vitamin C, branched
PEI, propidium iodide (PI), 2’,7’-dichlorofluorescein
diacetate, 4’6-diamidino-2-phenylindole (DAPI), 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) were all obtained from Sigma. Capase-3, poly(ADP-
ribose) polymerase (PARP), H,X, P-p53, P53, TAKT, T-p338,
and B-actin monoclonal antibody were purchased from Cell
Signaling Technology. Terminal deoxynucleotidyl trans-
ferase dUTP nick end labeling (TUNEL) assay kit, Annexin-
V-FLUOS staining kit, caspase-3 activity assay kit, and BCA
protein assay kit were acquired from Beyotime Institute of
Biotechnology (Shanghai, People’s Republic of China).

Preparation and characterization of

As@PEI@PTX

AgNPs were prepared as follows:* briefly, 0.1 mL of
vitamin C solution (400 pg/mL) was added dropwise into
4mL AgNO, (400 ug/mL) under magnetic stirring for 2 h at
room temperature. Then, AgNPs was mixed in 3.792 mg
PEI and 0.32 mL of 6 mg/mL PTX at a final volume of
4 mL with Milli-Q water. The Ag@PEI@PTX complex
was purified by dialysis for overnight. Ag@PEI@PTX
nanoparticles were sonicated and then filtered through a
0.2-um pore size filter. The concentration of AgNPs was
measured by inductively coupled plasma atomic emission
spectroscopy. AgNPs, Ag@PEI and Ag@PEI@PTX were
characterized by transmission electron microscope (TEM,
H-7650; Hitachi). The particle zeta potential and size dis-
tribution were determined by Zetasizer Nano ZS (Malvern
Instruments Limited) particle analyzer.

Cell culture and viability assay

The HepG2 and LO2 cells were maintained in Dulbecco’s
Modified Eagle’s Medium supplemented with an antibiotic,
fetal bovine serum (10%), 100 units per mL penicillin, and
50units per mL streptomycin at 37°C in a humidified incubator
containing 5% CO,. The cells, proliferative inhibition of Ag@
PEI@PTX nanoparticles was measured using MTT assay as
previously described.*® Briefly, the cells were incubated with
different treatments of control, AgNPs, Ag@PEI, and Ag@
PEI@PTX at a density of 4x10* cells per well at 37°C for 24 h.
Then, 20 UL of MTT solution was added to each well (5 mg/mL
in phosphate-buffered saline [PBS]) and incubated for 5 h.
After that, the medium containing MTT was aspirated off and
replaced with dimethyl sulfoxide (150 uL/well) to dissolve the
dark blue formazan salt formed in surviving cells. The color

submit your manuscript

6694

Dove

International Journal of Nanomedicine 2016:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Effect of Ag@PEI@PTX on HepG2 cells

intensity of the formazan solution was read at 570 nm using
a microplate spectrophotometer (SpectroAmax™ 250). The
cell viability was expressed as percentage of MTT reduction
relative to the absorbance of control.

Mitochondrial membrane potential

measurement (AY )

JC-1 was used to assess the change of mitochondrial mem-
brane potential in HepG2 cells exposed to Ag@PEI@PTX
as previously reported.* The cells cultured in 6-well plates
were released by trypsinization, resuspended in PBS buf-
fer with 10 pg/mL JC-1, and then incubated at 37°C for
30 min. The cells were then harvested by centrifugation,
resuspended in PBS, and analyzed by flow cytometry.
JC-1 fluorescence was measured using a single excitation
wavelength (485 nm) with dual emission (shift from green
at 530 nm to red at 590 nm). The percentage of the green
fluorescence from JC-1 monomers was used to represent
the cells that lost A .

Annexin-V/PI double-staining assay
Translocation of phosphatidylserine in HepG2 treated with
Ag@PEI@PTX was detected by Annexin-V-fluorescein
isothiocyanate staining and PI kit as previously described.®
In brief, the cells were treated with Ag@PEI@PTX for 24 h
and stained with Annexin-V/PI for 30 min, followed by flow
cytometric analysis.

Cell-cycle analysis

The effect of Ag@PEI@PTX on cell-cycle distribution was
analyzed by flow cytometry as previously reported.*® The
cells incubated with Ag@PEI@PTX were collected and
centrifuged at a speed of 1,500 rpm for 10 min. Then, the
harvested cells were fixed with chilled 70% ethanol at —20°C
overnight. The fixed cells were stained by PI (50 pg/mL)
at 37°C for 30 min in darkness. DNA histogram was used
to express the proportion of cells in GO/G1, S, and G2/M
phases. The apoptotic cells with hypodiploid DNA content
were detected by quantifying in the sub-G1 peak.

TUNEL and DAPI staining

DNA fragmentation induced by Ag@PEI@PTX was detected
with fluorescence staining by the TUNEL apoptosis detected
kit following the manufacturer’s protocol.*’ Briefly, HepG2
cells in chamber slides were fixed with 3.7% formaldehyde
and then permeabilized with 0.1% Triton X-100 in PBS.
Then, the HepG2 cells were labeled with TUNEL reaction
mixture for 1 h at 37°C. For nuclear staining, cells were
with incubated with 1 pg/mL of DAPI for 30 min at 37°C.

Finally, the stained cells were washed with PBS and observed
under a fluorescence microscope (Nikon Eclipse 801).

Caspase-3 activity

As described in our previous paper, caspase-3 activity was
determined by fluorometric method.*® Harvested cell pellets
were suspended in cell lysis buffer and incubated on ice for
1 h. Caspase activity was determined by fluorescence inten-
sity using caspase-3 substrates (Ac-DEVD-AMC) with an
excitation wavelength of 380 nm and emission wavelength
of 460 nm, respectively.

Determination of ROS generation

ROS accumulation induced by Ag@PEI@PTX-treated
HepG2 cells were estimated by staining cells with DCF fluo-
rescence assay as previously described.* In brief, HepG?2 cells
were harvested and suspended in PBS containing 10 uM of
2", 7’-dichlorofluorescein diacetate for 30 min. ROS genera-
tion was indicated by green florescence, which was measured
using a microplate reader with an excitation wavelength of
488 nm and emission wavelength of 525 nm, respectively.

Western blot analysis

To examine the expression levels of various intracellular
proteins in HepG2 cells treated with Ag@PEI@PTX, western
blotting was performed as previously reported.**>* Briefly,
HepG?2 cells treated with Ag@PEI@PTX were incubated with
lysis buffer to obtain total cellular proteins, which were then
isolated in a 10% sodium dodecyl sulfate—polyacrylamide
gel and transferred onto polyvinylidene fluoride membranes.
Later, the polyvinylidene fluoride membranes were incubated
with primary antibody and appropriate secondary antibody.
The proteins were visualized using ECL chemiluminescence
solution and examined on the X-ray film.

Statistical analysis

Experiments were performed at least for three times. All data
were processed using SPSS 19.0 software (IBM Corporation,
Armonk, NY, USA). The difference between three or more
groups was analyzed by one-way ANOVA multiple com-
parisons. Differences between two groups were evaluated
by two-tailed Student’s ¢-test. A probability of *P<<0.05 or
**P<0.01 indicates statistically significant values.

Results and discussion

Preparation and characterization of
As@PEI@PTX

In this study, a simple method to prepare PEI-modified
AgNPs loaded with PTX (Ag@PEI@PTX) to improve
anticancer efficacy was demonstrated. The morphology
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and stability of Ag@PEI@PTX was detected and analyzed
using various methods. TEM images showed that Ag@
PEI@PTX presented a spherical and monodisperse particles
(Figure 1A). The zeta potential of AgNPs was —17.8 mV
and increased to 23 mV after capping with PEI and PTX
(Figure 1B), which indicated that Ag@PEI@PTX with
positive charge was easier to cross into the cell membrane.
Ag@PEI@PTX presented high uniformity with a mini-
mum diameter of 2 nm (Figure 1C). Furthermore, the size
distribution of Ag@PEI@PTX revealed that the decorated
AgNPs was stable at least 30 days (Figure 1D), which also
indicated that Ag@PEI@PTX was highly stable in aqueous
solutions. Taken together, with the property of smart, stable,
and zeta potential positive charge, Ag@PEI@PTX could
easily enter into cells.

In vitro cytoxicity of Ag@PEI@PTX

To determine the cell viability and reflect their growth states,
the anticancer activity of AgNPs, Ag@PEI, and Ag@PEI@
PTX was measured by MTT assay. As shown in Figure 2A,
the cell viability of HepG2 was dramatically lower than
LO2 cells when treated with AgNPs (81.27% vs 96.67%),
Ag@PEI (71.86% vs 88.45%), and Ag@PEI@PTX (77.21%
vs 58.32%). Compared with AgNPs and Ag@PEI, Ag@
PEI@PTX significantly inhibited the growth of HepG2 cells

w
— %

Size (nm)

AgNPs Ag@PEI  Ag@PEI@PTX

Figure | Characterization of Ag@PEI@PTX.

and exhibited low cytotoxic toward LO2 cells. As shown in
Figure 2B, the effects of AgNPs, Ag@PEI, and Ag@PEI@
PTX on the growth of HepG2 cells were further confirmed.
After being treated with AgNPs, Ag@PEI, and Ag@PEI@
PTX, the cell numbers reduced with cells rounding and
cytoplasm shrinkage. The results suggested that Ag@PEI@
PTX effectively inhibited the proliferation of HepG2 cells
and induced cancer cell death.

Depletion of mitochondrial membrane
potential (AY )

Mitochondrial membrane potential (AW, ) by flow cytometric
analysis was used to investigate the initiation of apoptosis.*
As shown in Figure 3A, compared with the control group,
the mitochondrial membrane potential was reduced signifi-
cantly to 87.1%, 53.4%, and 36.5% for AgNPs, Ag@PEI,
and Ag@PEI@PTX, respectively. As shown in Figure 3B,
representative scattergrams for red-FL2-H fluorescence
indicated an intact mitochondrial membrane potential and
green-FL1-H fluorescence indicated the loss of membrane
potential. Treatment of HepG2 cells resulted in elevation of
mitochondria depolarization, which is indicated by the shift
of fluorescence from red to green. These results demonstrated
that Ag@PEI@PTX triggered HepG2 cells apoptosis through
the induction of mitochondrial dysfunction.
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Notes: (A) Transmission electron microscopy imaging of AgNPs, Ag@PEI, and Ag@PEI@PTX. Inset is a TEM image of an individual particle, lattice fringe. (B) Zeta potential
of AgNPs, Ag@PEI, and Ag@PEI@PTX. (C) Particle size of AgNPs, Ag@PEIl, and Ag@PEI@PTX. (D) Stability of Ag@PEI@PTX in aqueous solutions. Bars with different

characters are statistically different at P<<0.05 (¥) level.
Abbreviations: AgNPs, silver nanoparticles; PEl, polyethylenimine; PTX, paclitaxel.
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Figure 2 Effects of AgNPs, Ag@PEI, and Ag@PEI@PTX on the growth of H

AgNPs

epG2.
Notes: (A) Cell viability was evaluated after treated with AgNPs, Ag@PEI, and Ag@PEI@PTX for 24 h by MTT assay. The concentration of AgNPs, Ag@PEI, and Ag@PEI@PTX
was 2.5 pug/mL. (B) Morphological changes in HepG2 cells with different treatments. Bars with different characters are statistically different at P<<0.05 (*) or P<<0.01 (**) level.
Abbreviations: NPs, nanoparticles; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; PEI, polyethylenimine; PTX, paclitaxel.
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with different characters are statistically different at P<<0.05 (*) or P<<0.01 (*¥) level.
Abbreviations: AgNPs, silver nanoparticles; PEl, polyethylenimine; PTX, paclitaxel.

International Journal of Nanomedicine 2016:1 |

submit your manuscript

6697

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Li et al

Dove

Translocation of phosphatidylserine
induced by Ag@PEI@PTX

The translocation of phosphatidylserine to the outer
membrane is an important step in the apoptosis of HepG2
cells.* Annexin-V/PI double-staining assay was also used
to characterize the apoptotic cells death induced by Ag@
PEI@PTX. As shown in Figure 4, dot plot results of HepG2
cell treated groups showed the presence of both early and
late apoptotic cells. HepG2 cells treated with Ag@PEI@
PTX revealed the increased cell number of apoptosis. Taken
together, the results indicated that Ag@PEI@PTX inhibited
HepG?2 cells proliferation mainly through apoptosis.

Ag@PEI@PTX induced HepG2 cell
apoptosis

Apoptosis was one of the most crucial mechanisms
accounting for the anticancer action.* In this study, PI-flow
cytometric analysis was used to investigate whether apoptosis
was involved in the cell death induced by AgNPs, Ag@PEI,
and Ag@PEI@PTX. As shown in Figure 5A, compared with
different treatments, the sub-G1 apoptotic cell population
of Ag@PEI@PTX was significantly increased in the DNA
histogram. For instance, the exposure of HepG2 cells to
different treatments of control, AgNPs, Ag@PEI, and Ag@
PEI@PTX significantly increased in apoptotic population
from 1.05% to 17.62%, while no significant change in
G0/G1, S, and G2/M phases was observed. DNA fragmenta-
tion is an important biochemical hallmark of cell apoptosis.
The induction of apoptosis was further confirmed by TUNEL
enzymatic labeling and DAPI co-staining assay. As shown
in Figure 5B, HepG2 cells exhibited typical apoptotic fea-
tures with Ag@PEI@PTX, such as DNA fragmentation and
nuclear condensation. These results demonstrated that Ag@
PEI@PTX induced HepG2 cell apoptosis.

Control AgNPs

Induction of caspase-mediated PARP
cleavage by Ag@PEI@PTX

Caspase-3 has been considered as the primary executioner
of apoptosis, as it is responsible for the cleavage of many
proteins and caspase involved in programmed cells death.
PARP, which is one of the main cleavage targets of caspase-3,
is downstream of caspase family proteins in apoptosis
pathways.

Caspase-3 and the subsequent cleavage of PARP were
examined by western blotting to evaluate their involve-
ment and contribution to cell apoptosis. As shown in
Figure 6A, compared with the control group, AgNPs, and
Ag@PEI, treatments of HepG2 cells with Ag@PEI@PTX
significantly increased the activity of caspase-3. As shown
in Figure 6B, the expression level of caspase-3 and PARP
was downregulated with different treatments. The results
show that Ag@PEI@PTX significantly strengthened the
activation of caspase-3 and the cleavage of downstream
effect PARP. Taken together, these results reveal that the
nanosystem significantly inhibits cancer cell growth by
inducing apoptosis.

Induction of ROS generation by
Ag@PEI@PTX

ROS was considered as an important regulator of cell
apoptosis, especially that induced by anticancer drugs.
Variety of factors can cause damage to the structure and
function of mitochondria and further induce cell apoptosis.
Mitochondrium is a major place to produce intracellular
ROS.*! To investigate whether Ag@PEI@PTX could trig-
ger ROS-mediated apoptosis, the intracellular ROS level
was determined by DCF fluorescence assay. As shown
in Figure 7A, compared with control group, AgNPs, and
Ag@PEI, the ROS generation of HepG2 cells increased

Ag@PEI Ag@PEI@PTX

0.15%

24% || 0.08%

4.15%

0.27% 22.05%

0.28%

29.88%

Propidium iodine

v

Annexin V-FITC

Figure 4 Translocation of phosphatidylserine induced by AgNPs, Ag@PEIl, and Ag@PEI@PTX in HepG2 cells.
Note: The upper right quadrant indicated cells in the early stage of apoptosis and lower right shows cells in the late stage of apoptosis or necrosis.
Abbreviations: AgNPs, silver nanoparticles; FITC, fluorescein isothiocyanate; PEI, polyethylenimine; PTX, paclitaxel.
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A Control AgNPs Ag@PEI Ag@PEI@PTX
o Sub-G1: 1.05% Sub-G1: 1.54% Sub-G1: 13.32% Sub-G1: 17.62%
2 G0/G1: 66.61% GO/G1: 67.58% GO/G1: 56.77% GO/G1: 49.24%
£ S: 23.12% S: 21.16% S: 28.80% S: 32.06%
3 G2/M: 10.27% G2/M: 11.26% G2/M: 14.43% G2/M: 18.70%
3
o

NDA content
B Control AgNPs Ag@PEI Ag@PEI@PTX

TUNEL

DAPI

20 pM

Figure 5 Ag@PEI@PTX-induced apoptosis in HepG2 cells.

Notes: (A) The cell-cycle distribution with different treatments was analyzed by quantifying DNA content using flow cytometric analysis. (B) Representative photomicrographs
of DNA fragmentation and nuclear condensation as detected by TUNEL-DAPI co-staining assay.
Abbreviations: AgNPs, silver nanoparticles; DAPI, 4’6-diamidino-2-phenylindole; TUNEL, terminal transferase dUTP nick end labeling.

significantly after treatment with Ag@PEI@PTX. As shown
in Figure 7B, the fluorescent intensity of DCF in HepG2
cells exposure to Ag@PEI@PTX was the most strongest in
treatment groups. These results indicate the involvement of
ROS in the anticancer activity of Ag@PEI@PTX.

Activation of ROS-mediated signaling

pathways by Ag@PEI@PTX

The mechanism of apoptosis by Ag@PEI@PTX induced
in HepG?2 cells was further investigated. Intracellular ROS
overproduction could trigger DNA damage and cause a
series of different signaling pathways, such as p53, AKT,
and MAPK signaling pathways. Due to the detection of
ROS overproduction in cells exposed to Ag@PEI@PTX,
western blotting was used to examine the effects on the
ROS-mediated signaling pathway. As shown in Figure 8A,
compared with AgNPs and Ag@PEI, the expression of total
AKT was downregulated after treatment with Ag@PEI@
PTX. Meanwhile, as shown in Figure 8B, HepG2 cells treated

with Ag@PEI@PTX effectively increased the expression of
total proapoptotic kinase p38 in HepG2 cells. For the p53 sig-
naling pathway, Ag@PEI@PTX significantly increased the
expression levels of H X, p-p53, and total p53 (Figure 8C).
Taken together, these results reveal that nanosystem induces
HepG2 cells apoptosis through regulation of ROS-mediated
AKT, MAPK, and p53 signaling pathways (Figure 8D).

Conclusion

In summary, the present study demonstrated that PEI-modified
AgNPs loaded with PTX were successfully fabricated. Ag@
PEI@PTX showed a dramatic cytotoxic effects of HepG2
cells, which enhanced the drug sensitivity and induced
apoptosis of cancer cells rather than normal cells. More-
over, the underlying molecular mechanisms indicated that
Ag@PEI@PTX activated caspase-3-mediated HepG2 cell
apoptosis via ROS generation. Furthermore, our results
revealed the apoptotic signaling pathway through ROS was
triggered by the Ag@PEI@PTX in HepG2 cells, including
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Figure 6 Caspase-3 and PARP-mediated apoptosis induced by Ag@PEI@PTX in HepG2 cells.

Notes: (A) HepG2 cells treated with Ag@PEI@PTX and caspase-3 activity were analyzed by synthetic fluorogenic substrate. (B) The expression of PARP and caspase-3 by
Western blot; B-actin was used as the loading control. Bars with different characters are statistically different at P<<0.05 (¥) or P<<0.01 (**) level.

Abbreviations: AgNPs, silver nanoparticles; PARP, poly(ADP-ribose) polymerase.
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Figure 7 ROS overproduction induced by Ag@PEI@PTX of HepG2 cells.

Notes: (A) Changes in intracellular ROS generation detected by measuring DCF fluorescence intensity. (B) HepG2 cells were incubated with 10 uM DCF-DA in PBS for
30 min and then treated with AgNPs, Ag@PEIl, and Ag@PEI@PTX under microscope. Bars with different characters are statistically different at *P<<0.05 or **P<<0.01.
Abbreviations: AgNPs, silver nanoparticles; DCF-DA, 2’,7’-dichlorofluorescein diacetate; PBS, phosphate buffered saline; ROS, reactive oxygen species.
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Figure 8 Activation of intracellular apoptotic signaling pathways by Ag@PEI@PTX in HepG2 cells.

Notes: (A) Phosphorylation status expression levels of AKT pathways. (B) Phosphorylation status expression levels of T-p38 MAPK pathways. (C) Activation of p53 signaling
pathway. (D) The signaling pathway of regulation of ROS-mediated p53, AKT, and MAPK signaling pathways. The expression of 3-actin was measured as control.
Abbreviations: AgNPs, silver nanoparticles; PARP, poly(ADP-ribose) polymerase; PEI, polyethyleneimine; PTX, paclitaxel; ROS, reactive oxygen species.

AKT, MAPK, and p53 signaling pathways. Taken together,
this study provides the possibility of using nanosystem to

induce HepG2 cell apoptosis and offers a new strategy for

potential cancer therapy.
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